Introduction
Malaria is a life-threatening parasitic disease transmitted by the female Anopheles mosquito (Batista et al. 2009 ). Although malaria is a preventable and treatable disease, an estimated 247 million cases were reported globally in 2008 causing nearly a million deaths, mostly of children under 5 years, with 80% of the cases being in Africa (WHO 2013) . Malaria is commonly associated with poverty, but it is also a cause of poverty and a major hindrance to economic development (Batista et al. 2009 ).
As a result of widespread chloroquine and sulphadoxinepyrimethamine resistance, 90% of sub-Saharan African countries adopted policies of artemisinin-based combination therapy (ACT) for treatment of uncomplicated malaria Published: 10 January 2016
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http://dx.doi.org/10.17348/era.14.0.505-516 ceives over 1500 malaria-infected bites every year, which was one of the highest Annual Entomological Inoculation Rates (AEIR) in Africa in 2006 (Okello et al. 2006) . Previous estimates have also indicated that at least 12.3 million cases of malaria are registered across Uganda, accounting for 25-40% of outpatient visits, 20% of inpatient admissions, 9-14% of in-patient deaths in health facilities, and 20-23% of child deaths (MoH 2010).
Historically, communities in tropical regions have used local plants as a means of preventing and treating malaria (Okigbo et al. 2009 . Over 1200 plant species have been used in treating malaria throughout the world . Similarly, medicinal plants are widely used in Uganda to treat malaria (Katuura et al. 2007 , Ssegawa & Kasenene 2007 , Tabuti 2008 . Some plants which are widely used as anti-malarials have been shown to be significantly active in vitro and or in vivo against Plasmodium species (Willcox et al. 2011) . For this reason, herbal medicine continues to play an essential role in covering the basic health needs in many developing countries, including Uganda (Kuglerova et al. 2011 ).
Many existing antimalarial drugs have been produced from the active compounds of plants such as quinine from the Cinchona bark and artemisinin from Artemisia annua L. (Asteraceae) (Bloland et al. 2000 . However, the importance of medicinal plants in the treatment of malaria seems to have been neglected by the MoH in Uganda. In comparison, other African countries like Mali have made advances in incorporating improved traditional medicine (ITM) in the treatment of malaria at the national level (Diallo et al. 2004) ; Uganda is yet to officially adopt such remedies in treating malaria at the national level. So far, the Uganda Malaria Control Strategic Plans (UMCSP) for 2006 and 2010 remain silent on the role of herbal medicines and medicinal plants in combating malaria (MoH 2006 (MoH , 2010 . There has been an increase in the amount of research documenting the widespread use of medicinal plant species in treatment of malaria in Uganda including work by Katuura et al. (2007) , Namukobe et al. (2011) , Ssegawa and Kasenene (2007) , Stangeland et al. (2011), and Tabuti (2008) among others. It is hoped that such studies can help in generating data that can help inform policy.
Due to the high prevalence and transmission rate of malaria in Apac District, residents must have developed their own conceptualization of malaria including its cause and how it can be prevented and treated. The native people must have adapted to high morbidity and even mortality of malaria by using several coping mechanisms. We hypothesize that the residents must have learned how to use several efficacious medicinal plants to treat malaria. Other coping strategies may have included the use of malaria prevention strategies based on what they believed to cause and spread malaria.
Up until now, no research has been conducted in Apac District to describe the use of medicinal plants in the treatment of malaria and its traditional concept despite the high incidence rate. To fill this knowledge gap, a study was undertaken to assess the use of medicinal plants by the Langi people in treating and preventing malaria problems in Cegere Sub-County, one of sub-counties in Apac District, and to investigate their traditional concept of malaria. It is hoped that the results of this study will contribute to the overall knowledge of medicinal plants in Uganda and might contribute to the development of ITM.
Methods

Study area
A survey to identify plants used in the treatment of malaria was conducted in Cegere Sub-County, Apac District (Figure 1) . Apac District is located in northern Uganda, north of Lake Kyoga (UDIH 2012), at 2°05'00"N -32°35'00"E (NGIA 2015) . It borders the districts of Masindi to the west, Lira to the east, Gulu to the north, and Nakasongola to the south (UDIH 2012). Apac District covers a total area of 6541 km 2 , with 5.4% of the total area being open water and 4.8% being permanent or seasonal wetlands (UBOS 2010 , UDIH 2012 . The vegetation of Apac includes woodlands, grasslands, and thickets, with an average rainfall of 1000-1500 mm per year (UBOS 2010 , UDIH 2012 . The population of Cegere Sub-County was reported to be 33,358 after the birth and death registration exercise conducted in April 2012 by the Office of the District Statistician.
Data collection
Data were collected in the months of August and September 2012. The purpose of the study and its objectives were introduced and explained to the district authorities prior to any contact with the local communities. Permission was granted to the research team to carry out the study through the office of the Chief Administrative Officer of Apac District. The study involved both the local people and key informants knowledgeable about medicinal plants. Some of the key informants included traditional healers and traditional birth attendants (TBAs). The average number of households per village was 60. A total of 90 respondents were interviewed in the three selected villages of Amwak, Aminkech C, and Ongica, in Cegere SubCounty. Prior informed consent was sought from each of the participants before being interviewed. Issues of intellectual property rights were discussed with the respondents. They were informed that should any innovations and or benefits accrue from this study, access to benefit sharing agreements would be made with their input and other stakeholders. A set of open-ended, semi-structured questions was addressed to the respondents during the interview sessions. The interviews were conducted by the researchers in the local language (Langi) with the assistance of a local interpreter and a field assistant. The respondents were asked which plant species were used for treating and preventing malaria, which plant parts they used, and methods of preparation and administration as well as information on plant collection areas. The respondents were also asked about their perception of malaria, including how it is spread, how it can be prevented, and how it is treated. One Focus Group Discussion (FGD) was held with 9 herbalists and 2 TBAs as the key informants in the study area. The key informants were recruited through their local traditional healers' association. This was done with the help of the Community Development Officer (CDO) of the sub-county. He contacted the leaders of traditional healers who then mobilized their colleagues to take part in the study. Care was taken to ensure that the number of participants recruited did not exceed twelve as recommended by Heckathorn (2011) .
The snowball technique was used to select and interview the traditional healers. The leader of the traditional healers was identified with the help of the CDO. After obtaining his consent, he was interviewed and requested to refer us (the researchers) to another healer within the area. The process was repeated by asking each of the healers interviewed to refer us to other healers whom we also interviewed. This was done to reduce the sampling efforts by quickly identifying key people to interview and to gain access to networks which are usually hard to access by outsiders. After interviewing the healers individually, a FGD was held to include other key informants who were not captured during the snowballing. These included some members of the village health team, who were identified through the office of the CDO. After conducting the FGD, simple random sampling was used to select different community members and households to be interviewed from the selected villages. A reference point was selected from each village, and then the households were selected by moving along a road beginning with the northern direction. The first household along the road was interviewed, and then the next two households were skipped before selecting the fourth household along the same road. This process was repeated along three other roads running east, west, and south from the same reference points in all the selected villages.
Collection of voucher specimens
The research team was accompanied by selected herbalists and some respondents in the field to help in identifying and collecting the right plant specimens. After confirming the correct identity of the specimen, voucher specimens of each of the plant species mentioned were collected and taken to the Makerere University Herbarium for identification and classification. All the specimens were collected in accordance with standard plant collection procedures described by Martin (1995) . Plant presses were used in the field to start drying the samples immediately. The scientific names of plant species were checked and updated with The Plant List (www.theplantlist.org) on 10 June 2014. The plant families were also verified using the Angiosperm Phylogeny Group (AGP) III (www.mobot.org/ MOBOT/research/APweb) on 7 January 2015.
Results
Social-cultural characteristics
A total of 90 respondents were interviewed in the three selected villages in Cegere Sub-County. Most (53.3%) of the respondents interviewed were men. The respondents covered different age groups (Table 1 ). The majority (28.9%) of the respondents were 30-40 years followed by 19-29 years (25.6%). Most of the respondents (97.8%) were farmers, of whom 13% were also active as traditional healers. The remaining respondents were teachers and businesswomen.
Medicinal plants were generally easily accessed by the respondents except for some plant species such as Schkuhria pinnata (Lam.) Kuntze ex Thell. which were considered rare. Some of the respondents reported that they often self-medicated whenever they felt they had malaria. This was especially the case when one felt ill and they had no immediate access to healthcare services. If the respondents did not improve after self-medication, they consulted a traditional medical practitioner first. If they still did not improve, they went to a modern health facility for treatment. However, some antimalarial drugs such as quinine tablets were easily accessible at drug shops within the villages. Due to this factor, some people who could afford these drugs also self-medicated. Some of the respondents believed in the efficacy of western medicines but shunned them because of their side effects. Some of the respondents believed in the superiority of their traditional medicines. 
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The traditional conceptualization of malaria Six of the traditional healers interviewed and five of the elderly respondents reported that malaria used to be locally known as atipa among the Langi. It used to be treated by performing a particular ritual, which involved placing the malaria patient in a rubbish pit and fanning him or her with a winnower. Male patients were fanned thrice while female patients were fanned four times, once a day for one day. This practice was culturally significant and is rooted in the practice of confining a mother to a hut for three days after giving birth to a baby boy or four days if the child is a girl.
After this ritual was performed, the patient would enter a hut and sleep. By the time the patient woke up, it is alleged that they would have recovered from the malaria. Sometimes, the patient would also be made to bathe in water in which the leaves of Hoslundia opposita Vahl (Lamiaceae) had been squeezed. This ritual is no longer carried out because of sensitization of the people on the cause of malaria and the influence of Christianity, which condemned it.
All of the respondents interviewed knew that malaria was caused by mosquito bites. Some of the healers (3) mentioned that one could also catch malaria by staying out in the cold without warm clothing especially early in the mornings or late evenings. Some of the respondents also mentioned that malaria is spread when a mosquito bites an infected person and transfers the malaria to an individual who is not infected. Malaria was described as a disease characterized by headache, high temperature, vomiting, and loss of appetite. Malaria was also reported to be fatal especially once the patient begins vomiting.
Plants used in the prevention and treatment of malaria, mode of preparation, and dosage
A total of 20 plant species belonging to 15 families were documented as being used for preventing and treating malaria in Cegere Sub-County ( 
CWR). Growth form (GF): herb (H), scrambler (Sc), shrub (Sh), tree (T). Habitat (H): bush (B); homestead (H), roadside (R), garden (G). Parts used (PU): leaf (L), fruit (F), root (R)
, rhizome (Rh). **Local name not in Langi language but derive from the common English name adopted by the local people. Most of the medicinal plant species used for treating malaria were herbs (50%), followed by trees (25%), shrubs (20%), and scramblers (5%) ( Table 2 ). Leaves (64%) were the most frequently used parts for preventing and treating malaria. The least frequently used parts for preventing and treating malaria were the fruits and the rhizomes both at 4.5%.
The most common method of preparation of the herbs for malaria treatment was decoction (45%). These were prepared by boiling plant materials in a pot for 5 to 10 minutes and leaving them to cool before drinking. This was followed by cool water infusions (20%), whereby the plant material was squeezed or crushed by hand, steeped in cool water, and drunk. Herbal baths were also prepared by squeezing the plant material in water and using the resultant mixture for bathing (20%). The least common methods of preparation were chewing the fresh leaves (10%) and steam baths (5%). The most common method of preparation of the plant species for malaria prevention was by drying the plant material and burning it to produce smoke and also cooking the plant material and eating it as sauce, both at 38%. The most common route of administration of the herbal medicines was oral (71.4%) while the rest of the medicines were applied either topically (14.3%) or inhaled (14.3%).
Some of the medicines were used during the preparation of herbal or steam baths, e.g., Ocimum forsskaolii Benth. (Lamiaceae). Here, the plant material was boiled in water, and the patient was bathed in the medicine. Alternatively, the patients covered their heads over a basin containing the steaming herbal preparation and inhaled the steam. The majority of the plants were used as single remedies (e.g., Senna siamea (Lam.) H.S.Irwin & Barneby (Fabaceae)) but are occasionally mixed with other herbs to boost their activity, particularly when treating resistant malaria (e.g., B. adoensis and Aloe vera (L.) Burm.f. (Xanthorrhoeaceae). Some plant parts, particularly the leaves, were reported to be chewed fresh and the juice swallowed for treatment, e.g., Moringa oleifera Lam. (Moringaceae).
The respondents preferred to make dried herbal preparations over fresh ones as these can be stored for a long time and are ideal when traveling, e.g., powder from A. indica.
Plant collection areas
Many of the plant species had multiple collection areas. For example, S. siamea could be harvested from either the bush or in people's gardens or around homesteads. Most (47.6%) of the plant species used for preventing and treating malaria were both cultivated and abundant. On the other hand, 23.8% of the plant species were wild and abundant. Some of the plant species (19.6%) were reported to be cultivated, but also occur in the wild and are considered rare. The rest were cultivated, grew in the wild, and were abundant. Although the most frequently mentioned plant species for treating malaria, Schkuhria pinnata, was cultivated and wild, it was considered rare by all the respondents interviewed because it was not possible to find any specimens in the wild. The only specimens seen and collected were from medicinal plant gardens of two traditional healers.
Most of the medicinal plant species for preventing and treating malaria were harvested from gardens and around the homesteads (35%). These were followed by those plants that could be harvested from either the bush, gardens, and around people's homesteads (30%). The least commonly used area for harvesting was by the roadside (5%) where for example Tithonia diversifolia (Hemsl.) A.Gray (Asteraceae) was harvested. There was a general consensus among the traditional healers interviewed that the most ideal time for harvesting medicinal plants was between 10:30 am to 3:00 pm. During this time, the plant was believed to contain the highest amount of medicine while, during the night, the plants were believed to be "feeding." Generally, there were no serious restrictions placed on harvesting the medicinal plants.
Knowledge transfer
All respondents interviewed acknowledged that there were several ways through which the knowledge about medicinal plants and herbal treatments they had was acquired. These sources included their parents, grandparents, elders, friends, and relatives, but also through dreams. Such knowledge was passed on orally from one person to another. Three of the healers reported that they were taking records of the plants they use for future access and reference by their children. One traditional healer reported that he obtained his knowledge through dreams. The leader of the traditional healers reported that if a particular herbal remedy was found to be effective, its use was spread among the community members by word of mouth after being recommended by someone who used it and was cured. However, knowledge on malaria and its prevention and transmission was obtained through govern-ment programs and campaigns using local media such as radio stations, local leaders, and posters among others.
Plants used in the prevention of malaria
The respondents were aware that malaria could be prevented by sleeping under mosquito nets, destroying the breeding grounds of mosquitoes such as stagnant water and bushy areas, or using both natural and synthetic mosquito repellents (Table 2 ). They also reported that eating certain bitter herbs offered some protection against malaria. Because of the bitter taste of some of the herbs, they were often mixed with groundnut paste when preparing them to make their taste more palatable.
Traditional prevention and treatment of malaria
Some of the plant species used in malaria preventione.g., Crotalaria ochroleuca G.Don (Fabaceae) and Solanum americanum Mill. (syn. Solanum nigrum L.) (Solanaceae)-are both consumed as vegetables that help in malaria prophylaxis (Table 2 ). According to some of the elders (six) interviewed, the consumption of such plants is on the decline because of their bitter taste which many young people do not like. The traditional healers and TBAs interviewed reported that such herbs are purposefully eaten with the knowledge that they help in preventing malaria by boosting one's immunity. Other plant species are used as mosquito repellents such as O. forsskaolii and Manihot esculenta Crantz (Euphorbiaceae). These plants were usually dried and burned to produce smoke that repelled the mosquitoes.
All respondents did not report any side effects or contraindications on the use of S. pinnata. Most of the respondents reported S. pinnata to be their most effective medicinal plant for treating malaria. Its use differed slightly among the different users. While some preferred using it singly, others combined it with other herbs such as A. vera and B. adoensis.
The villages visited had numerous small drug shops that sold different anti-malarial drugs particularly quinine tablets and artemisinin based anti-malarials such as Coartem™. These anti-malarial drugs were easily accessible when the need arose. Some of the herbalists, especially the experienced ones, were able to recognize the signs and symptoms of severe malaria and they would quickly refer patients to clinics once they were not responding to treatment. This happened when the patients were vomiting or were severely dehydrated. These quick referrals have been attributed to the sensitization the healers have received from different Non-Governmental Organizations (NGOs) and government programs but also because of fear of being arrested in case patients died at their premises. The healers generally believed that their medicine was effective and safer than the Western anti-malarial drugs because it did not produce the undesirable side effects commonly seen in some Western medicines.
Discussion
The traditional concept of malaria
The traditional conceptualization of malaria today by the Langi in Cegere Sub-County and healers in particular was found to be similar in many respects to Western medicine. This included the causes and symptoms. This can be attributed to influence and sensitization from Western culture introduced by the colonialists and still practiced today. The only notable difference was in attributing the cold air in the morning or evening to the spread of malaria, especially among children. With the coming of the colonialists, and formal education, the local name for malaria among the Langi, atipa, became less popular. The term "malaria" then became the more common way of referring to the disease. This explains why only five traditional healers and six elderly respondents were familiar with the name atipa.
The leader of the traditional healers also reported that he had observed some of the Arabs-who were at the time living in the Lango sub-region during the reign of the then president of Uganda (Idi Amin) in the 1970s-administering extracts of S. pinnata to their sick children. He then began experimenting with the plant and found it to be effective in treating malaria. The Arabs are known to have invaded the Acholi sub-region, which is adjacent to the Lango sub-region, where the current study area was found in the 1850s, around the time of the slave-ivory trade (Kustenbauder 2010) . Schkuhria pinnata is popularly referred to as chloroquine apure, literally translating into the "chloroquine plant," because of its bitterness and perceived efficacy akin to chloroquine tablets. The genus Schkuhria comprises about 15 species and is distributed principally in the tropical areas of Central and South America (Ganzer & Jakupovic 1990) . Few Schkuhria species have been introduced into Africa (Ganzer & Jakupovic 1990) . This can explain why S. pinnata has no local name in Langi.
Schkuhria pinnata was regarded as the most potent anti-malarial plant by the majority of the respondents interviewed (77%). Its use as an antimalarial has been reported in other ethnobotanical studies in Uganda by Adjanohoun et al. (1993) and Katuura et al. (2007) , in Kenya by Kareru et al. (2006) and Njoroge et al. (2004) , and in Zimbabwe by Gelfand et al. (1985) . Trotter and Logan (1986) observed that generally plants, which are used in repetitive fashion, are more likely to be biologically active. In this case, S. pinnata methanol and aqueous extracts have been shown to exhibit high antiplasmodial activity against chloroquine sensitive and re-513 sistant Plasmodium falciparum (William H. Welch, 1897) clones in vitro with low cytotoxicity against human cells (Muthaura et al. 2007) . Aqueous extracts of S. pinnata administered intra-peritoneally also suppressed growth of parasites in vivo in mice by 64%, with no observed toxicity (Muthaura et al. 2007 ). On the contrary, a study by Deutschländer et al. (2009) showed that ethanol and acetone extracts of S. pinnata were cytotoxic at a concentration of 12.5 µg/ml. However, it is important to remember that such extracts are different from the traditionally used aqueous preparations.
Schkuhria pinnata is widely used and believed to be efficacious. Preliminary information from literature suggests it is safe and bioactive, with low toxicity values (LC 50 ) below 1000 μg/ml (Bussmann et al. 2011 , Muñoz et al. 2000 . It is a good candidate for further investigation to verify its efficacy through a retrospective treatment outcome study.
Vernonia amygdalina Delile (Asteraceae), a close relative of B. adoensis, had the highest frequency of citation in Kibale in Southwestern Uganda (Namukobe et al. 2011) . It has also been reported to be used for treating malaria in Ghana with a high frequency of citation (Asase et al. 2010) . V. amygdalina has also been found to be moderately clinically effective in the treatment of malaria in adult patients (Challand & Willcox 2009 Some plant species were mentioned only once, an indicator that they are possibly not as popular as the others, due to several reasons, including perceived effectiveness, availability, lost or secret knowledge, and other medicinal uses among others. For example, Carica papaya L. (Caricaceae) which was only mentioned once is well known for having several medicinal and pharmacological properties including anthelmintic, antifungal, immunomodulatory and antimalarial activity, among others (Krishna et al. 2008) . The leaves of C. papaya have also been reported to be used for treating malaria in Ghana and they were frequently cited by the respondent's interviewed (Asase et al. 2010 
Harvesting medicinal plants for treating malaria
The leaves were reported to be the most frequently used plant parts for treating malaria. This was attributed to their potency and fast growth rate compared to other plant parts. Seasonality played a role in the harvesting and use of certain plant species in the treatment of malaria. For A. indica, although the whole plant could be used for treating malaria, the leaves were the most preferred part, especially during the rainy season when they were abundant and easiest to collect. During the dry season, other parts such as the bark could be used because the leaves are few. Whereas none of the informants considered time of day as an important factor in harvesting medicinal plant species in Ghana (Asase et al. 2011) , it was an important consideration for traditional healers in Cegere Sub-County. Care was taken not to dry the harvested plant material in direct sunlight but rather in shade because they believed that the sun weakened the potency of the herbs. This is in agreement with scientific evidence because too much heat can decompose some organic compounds according to Trease and Evans (2009) .
Mode of preparation and administration
Some of the herbs that were usually eaten as vegetables or sauce were prepared and administered differently for treatment of malaria (Table 2) . For example the leaves of C. ochroleuca were cooked with groundnut paste and eaten as sauce but for malaria treatment; juice from the leaves was squeezed and drunk.
Knowledge dynamics on medicinal plants for treating malaria
The respondents acquired their knowledge through dreams, as well as from their parents, grandparents, and friends. The healers were actively involved in knowledge exchange through locally organized seminars. Some of the healers have undergone some basic training in primary health care, some by local NGOs. They have been trained to quickly assess the patients, make objective judgments, and refer seriously ill patients to health centers before it is too late. As a result of sensitization some of the herbalists were aware that fresh preparations would not last beyond four days without getting spoilt. To prolong the shelf life of the preparation, a little lemon juice was squeezed into the herbal preparation to function as a preservative.
Conservation issues
Some plant species were reported to be rare and some attempts were being made by some of the herbalists to propagate them around their homesteads. For example S. pinnata was found to be growing in medicinal plant gardens of two traditional healers. The categorization of the plant species in this study as either rare or abundant was based on the local people's ranking derived from their own experiences in locating any given plant species for use whenever need arose. This mainly depended on how easy it was to obtain a plant from the wild, compared to approximately 5 years ago or longer. For example, one had to walk long distances and spend a lot of time to find S. pinnata growing in the wild. Even when we came across some S. pinnata growing in the wild, its abundance and distribution was highly limited. This led the respondents to conclude that the plant was rare. None of the plant species documented in this study were listed on the IUCN's Red List of Threatened Species (www.iucn.redlist. org). Despite the fact that some plant species were beginning to be cultivated by some of the herbalists, they were considered to be rare. This can be attributed to the destructive methods of harvesting, when the whole plant is completely uprooted irrespective of its size, thus leaving no chance for the plant to grow and establish itself. This factor coupled with high demand contributed to scarcity of S. pinnata. Despite the fact that many of the medicinal plant species used were gathered from the wild, few efforts are being made to cultivate them because some people believed they grow abundantly in the wild.
Conclusions
There is widespread use of medicinal plants for treating malaria in Cegere because of the high incidence of malaria there. However, the number of plant species used is relatively lower than those reported in other areas of Uganda. Schkuhria pinnata was found to be the most widely used medicinal plant for treating malaria and could therefore be efficacious. The conceptualization of malaria by the Langi in Cegere Sub-County today is generally similar to the Western understanding of the disease. Local communities have their own conceptualizations of the disease which plays an important role in understanding how they respond to it in terms of prevention and treatment. Further research on the efficacy of S. pinnata in treating malaria should be conducted. The investigations should involve ascertaining the safety, efficacy, chemical constituents, and possible mode of action of the species. The conservation of some key plants especially those considered to be effective and rare such as S. pinnata should be encouraged. Future research should also be undertaken in policy formulation regarding the incorporation of ITM in the treatment of malaria at a national level.
